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Question 1: Fluid Energy and Momentum (30 Marks) 


The venture meter shown in Figure 1 indicates a steady flow rate through a pipe system. 


a) Assuming you know the velocity V, m the 300 mm pipe, how could you calculate the velocity V2 in 
the 150 mm pipe? State a formula and its conventional name. (5 Marks) 

b) Neglecting friction losses, write an expression for the comparison of fluid energy between sections 1 
and 2. Do not attempt to evaluate the equation yet. What is the conventional name of this formula? 
(5 Marks) | 

c) Ifthe difference in manometer fluid levels (indicated by R) is 45 cm, rewrite the equation with nonly 
V, and V2 as unknowns. (5 Marks) 

d) Use the formula in a) to express c) in only one unknown. (5 Marks) 

- e) Use your results to calculate the flowrate for the indicated R = 45 cm (10 Marks) 
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Figure 1: Venturi Meter 
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Question 2: Dimensional Analysis , (30 Marks) 


A garden hose of 16 mm diameter reduces to a nozzle of 5 mm diameter as shown in Figure 2. The 
hose is considered as a model of a fire hose 120 mm in diameter and nozzle 37.5 mm in diameter. 


a) For a flowrate of 0.2 litres per second, calculate the active force of fluid acceleration due to the 
nozzle. Sketch a diagram showing the reaction force on the nozzle. (5 Marks) 

b) What two dimensionless numbers could be used to analyse scaling effects to predict the fire hose 
performance based on model tests? State and name these equations, defining all the terms in the 
equations and explaining their use in different applications. (5 Marks) 

c) Assuming that gravity is the dominant force in scaling from a garden hose to a fire hose, calculate 
the scaled flow velocity and hence flowrate that must be established in the fire hose to simulate the 
0.2 l/s flowrate in the garden hose. (5 Marks) 

d) Using the dimensionless number and result in c) with an appropriate dimensionless number for 
force, calculate the active force developed by the fire hose at the scaled flowrate. (10 Marks) 


e) Confirm the result in d) with a momentum reaction calculation using the scaled flowrate in the fire 
hose. (5 Marks) 
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Figure 2: Garden Hose as Model for Fire Hose (concept sketch, not to scale) 
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Question 3: Pipe Friction and Head Loss | (30 Marks) 


A town water supply system requires occasional transfers from Reservoir A to Reservoir B. On one 
occasion it is required to move 40,000 m° of water in a 10-hour period when the water levels in the 
reservoirs are 10 m and 40 m above sea level as shown. The reservoirs are connected by a 300 m 
length (no bends) of 600 mm diameter pipe and a pump shown at P. 


a) Calculate the Velocity Head that the pump must induce in the flowing water to achieve this transfer 
rate. Include the units of your result. (6 Marks) | 

b) Assuming headloss factors of 0.5 and 1.0 for inlet and outlet losses, and a friction factor of f= 0.02 
for the pipeline friction loss, calculate the total Pump Head that the pump must introduce to the 
flow. Sketch the Total Energy Line (TEL) on the system showing all losses and inputs. (15 Marks) 

c) Assuming the old cast-iron pipes of the system have a roughness height of 0.9 mm, check that the 
friction factor of 0.02 is reasonable. If not, find a suitable friction factor and recalculate the pump 
head. (5 Marks) 

d) Estimate the electrical power that the pump requires for this transfer, assuming a pump efficiency of 
75%. (5 Marks) | 
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Figure 3: Town Water Supply System (schematic, not to scale) 
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Question 4: Open Channel Hydraulics (30 Marks) 


A V-shaped grassy overgrown open channel (roughness n = 0.038) has banks sloping at k = 1:4. 
The channel drains an industrial area which is expected to produce up to 4.3 m°/s of water in a 
typical year. The channel falls 4 m over a uniform 1.8 km reach between the town and the waste 
disposal offtake. The channel enters the offtake via a free outfall 1.7 m wide with vertical sides. 


a) Ina typical year, calculate the uniform depth at which the channel will flow well upstream of the 
spillway. (10 Marks) 

b) Calculate the critical depth at which the channel will flow over the spillway. (10 Marks) 

c) Is the flow regime in the channel subcritical or supercritical? What safety issues would you 
consider? Provide relevant calculations. (10 Marks) 
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